The epidermal growth factor receptor (EGFR; other designations are HER1 and ErbB-1) is a transmembrane tyrosine kinase receptor that regulates cell proliferation, motility, and suppression of apoptosis (1) . Overexpression of EGFR is documented in several malignant tumors, such as carcinomas of the breast, urinary bladder, and lung, and is associated with poor prognosis (2) . A high level of EGFR expression could provide malignant cells with an advantage in survival by increasing cell proliferation, facilitating metastatic spread, and decreasing apoptosis and is considered a part of the malignant phenotype. Disruption of EGFR signaling, either by blocking EGFR binding sites on the extracellular domain or by inhibiting intracellular tyrosine kinase activity, can efficiently impede growth of EGFR-expressing tumors (3) . Two anti-EGFR monoclonal antibodies are approved for routine clinical use: cetuximab (Erbitux; ImClone Systems) (4) and panitumumab (Vectibix; Amgen) (5) . Detection of EGFR expression in tumors may influence patient management by providing prognostic information and, possibly, by stratifying patients for anti-EGFR therapy. EGFR staining by immunohistochemistry has not been shown to be an effective method of selecting patients for treatment (5) . The use of radionuclide molecular imaging for detection of EGFR expression may help to avoid such biopsy-associated pitfalls as sampling errors and discordance in EGFR expression between primary tumors and metastases.
Earlier, both anti-EGFR monoclonal antibodies (6-10) and one of the natural ligands of EGFR, the epidermal growth factor (EGF) (6, 8, (11) (12) (13) (14) , had been proposed and evaluated as targeting agents for radionuclide imaging of EGFR overexpression. A general concern was normal expression of EGFR in healthy organs and tissues, but EGFR-expressing tumors were successfully imaged. Generally, the small (6-kDa) radiolabeled EGF provided better tumor-to-organ ratios (imaging contrast) than did bulky monoclonal antibodies and enabled imaging after a shorter time after injection. These data are consistent with other observations that smaller targeting agents (e.g., antibody fragments) provide better contrast because of more rapid extravasation and tumor penetration on the one hand and more rapid blood clearance on the other. However, an agonistic action of EGF may be of concern.
One novel class of promising agents for in vivo targeting is Affibody molecules (Affibody AB), small (;7-kDa) affinity proteins based on a scaffold derived from the B domain of protein A (15, 16) . Several studies demonstrated that radiolabeled HER2-specific Affibody molecules can be successfully used for imaging of HER2 in murine xenografts and in humans (17) (18) (19) (20) . The robust structure of Affibody molecules enabled labeling without deteriorating the binding capacity, and the small size made it possible to obtain high-contrast images of HER2 expression in xenografts within 1 h after injection. We have recently reported on the selection of an EGFR-specific Affibody molecule, Z EGFR:955 , with an affinity of 185 nM, that is capable of specific binding to EGFR-expressing cultured tumor cells (21) . Because an affinity in the low nanomolar range is considered a precondition for successful tumor imaging (22) , Z EGFR:955 was subjected to an affinity maturation. A new binder, Z EGFR:1907 , with an equilibrium dissociation constant of 5.4 nM (determined using surface plasmon resonance technology), was obtained (23) .
Once a promising targeting protein is found, further optimization of a tracer is generally required. For example, di-or multimerization is a common approach for improving tumor-targeting properties of single-chain Fv fragments (24, 25) . Selection of the radionuclide is also important, because the radionuclide influences the retention of radioactivity after internalization of conjugates in malignant cells (12) and in normal tissues, for example, excretory organs (26) .
The goal of this study was to find a suitable tracer for radionuclide imaging of EGFR expression in malignant tumors using the second-generation EGFR-specific Affibody molecule Z EGFR:1907 . Because good tumor retention using dimers has proven to be advantageous, but small size is also of importance (27) (28) (29) , we tested which factor was the most important for Z EGFR:1907 2 -were directly compared in nude mice bearing EGFR-expressing A431 cervical carcinoma xenografts.
MATERIALS AND METHODS

Materials
Isothiocyanate-Bz-DTPA was purchased from Macrocyclics. N-succinimidyl-p-(trimethylstannyl)-benzoate was synthesized in our laboratory according to a method described earlier (30) . Non-EGFR-binding Affibody molecules, monomeric Z Taq , and dimeric (Z Ab ) 2 , which were used in the biodistribution study as negative controls, were produced as described earlier (31, 32) . 111 In-indium chloride was purchased from Covidien and 125 Isodium iodide from GE Healthcare. The EGFR-rich squamous carcinoma cell line A431 was obtained from European Collection of Cell Cultures (flow cytometric analysis and in vivo studies) and American Type Culture Collection (studies on cellular processing). Silica gel-impregnated glass fiber sheets for instant thinlayer chromatography (ITLC-SG) were from Gelman Sciences Inc. Statistical analysis of data on cellular uptake and biodistribution was performed using GraphPad Prism (version 4.00 for Windows; GraphPad Software) to determine significant differences (P , 0.05).
Instrumentation
The radioactivity was measured using an automated g-counter with a 7.62-cm (3-in) thallium-doped sodium iodide detector (1480 WIZARD; Wallac Oy). In the dual-isotope biodistribution experiments, 125 I radioactivity was measured in the energy window from 10 to 60 keV, and 111 In was measured from 100 to 450 keV. The data were corrected for dead time, spillover, and background. Distribution of radioactivity along the ITLC strips was measured on a Cyclone Storage Phosphor System (PerkinElmer) and analyzed using the OptiQuant image-analysis software (Packard). The Affibody molecules were analyzed by high-performance liquid chromatography and online mass spectrometry (HPLC-MS) using a 1100 LC/ MSD system (Agilent Technologies) equipped with electrospray ionization and a single-mass quadropol detector. Analysis and evaluation were performed with Chemstation (B.02.01; Agilent). Affinity of Affibody molecules to EGFR was analyzed both by a Biacore 2000 instrument (GE Healthcare) and by flow cytometry, which was performed on a FACSCanto II (BD Biosciences). Samples were illuminated with a Sapphire 488-20 laser (Coherent), and the fluorescence-the forward-and side-scattered light from 10,000 cells-was detected at a rate of approximately 150 events s 21 . Flow cytometric data were analyzed with FACSDiva Software (BD Biosciences).
Production and Characterization of Affibody Molecules
The EGFR-binding Affibody molecule Z EGFR:1907 (23) and a dimeric form, (Z EGFR:1907 ) 2 , in which a second gene fragment was introduced head to tail according to a previously described method (21) , were expressed as His 6 -tagged fusion proteins in Escherichia coli BL21(DE3) cells and purified with immobilized metal ion affinity chromatography (IMAC) (described in detail in Friedman et al. (23)). Z EGFR:1907 and (Z EGFR:1907 ) 2 were also produced with a unique cysteine introduced at the C terminus, Z EGFR:1907 -cys and (Z EGFR:1907 ) 2 -cys, as previously described (23) . To confirm the purity and correct molecular mass of the proteins, Z EGFR:1907 and (Z EGFR:1907 ) 2 were analyzed using a sodium dodecylsulfonatepolyacrylamide gel electrophoresis gel (NuPAGE 4%212% BisTris Gel; Invitrogen) and HPLC-MS. Protein concentrations were determined by amino acid analysis (Aminosyraanalyscentralen).
Biacore was used to perform a real-time biospecific interaction analysis between the Affibody molecules and soluble extracellular domain of EGFR (EGFR-ECD), essentially as previously described (23) . The (Z EGFR:1907 ) 2 Affibody molecule was further subjected to kinetic analysis, in which the protein was injected over the EGFR-ECD surface at concentrations ranging from 3.91 to 500 nM, with a flow rate of 50 mL/min. The samples were run in duplicates, and after each injection the flow cells were regenerated by the injection of 10 mL of 10 mM hydrogen chloride. Off-rate determination was performed with BIAevaluation software (GE Healthcare).
Flow Cytometry
Z EGFR:1907 and (Z EGFR:1907 ) 2 were labeled directly to the unique C-terminal cysteine with Alexa Fluor 488 (Invitrogen), according to a previously described method (23) . Preserved binding performance was verified for the labeled Affibody molecules using Biacore. A cell-binding study was performed essentially as described (23) , in which different concentrations (ranging from 0.0488 to 50 nM) of Alexa Fluor 488-conjugated (Z EGFR:1907 ) 2 and Z EGFR:1907 were incubated with A431 cells for 1 h at room temperature and analyzed with flow cytometry. Triplicates of the mean fluorescence-intensity determinations were analyzed with GraphPad Prism 5, calculating the apparent dissociation constant (K D ) from an equilibrium binding curve using a nonlinear regression 1-site-specific model.
Labeling Chemistry
For labeling with 111 In, an isothiocyanate-Bz-DTPA chelator was conjugated to Affibody molecules according to previously described methods (18) . The chelator-to-protein molar ratio during conjugation was 1:1, which provided a coupling efficiency of about 95%. For labeling, 50 mg of conjugate (Bz-DTPA-Z EGFR:1907 , Bz-DTPA-(Z EGFR:1907 ) 2 , Bz-DTPA-Z Taq , or Bz-DTPA-(Z Ab ) 2 ) was mixed with a predetermined amount of 111 In and incubated at room temperature for 60 min. For quality control of the labeling, ITLC-SG eluted with 0.2 M citric acid was used. The radiochemical purity of all conjugates was more than 95%, and they were used without additional purification. Stability of 111 In chelation was confirmed by a challenge with a 500-fold molar excess of ethylenediaminetetraacetic acid during 4 h (performed in duplicate). ITLC analysis did not reveal any release of 111 In from conjugates after the challenge.
Indirect radioiodination of Affibody molecules (Z EGFR:1907 , (Z EGFR:1907 ) 2 , Z Taq , or (Z Ab ) 2 ) using N-succinimidyl-p-(trimethylstannyl)-benzoate was performed according to the method of Orlova et al. (17) and purified using NAP-5 columns (GE Healthcare). The labeling conditions were selected to provide an average attachment of a single pendant group per protein molecule. For quality control of the labeling, ITLC-SG eluted with 70% acetone in water was used. The labeling yields were 30%245%, and the radiochemical purity of all conjugates was more than 95%.
The identity of radiolabeled monomeric and dimeric conjugates was confirmed by size-exclusion HPLC (Supplemental Figures  1-3 ; supplemental materials are available online only at http:// jnm.snmjournals.org).
Cell-Binding and Retention Studies
Binding specificity of radiolabeled Affibody molecules was verified by incubation of cultured EGFR-expressing A431 cells with radiolabeled Affibody molecules ( 111 In-Bz-DTPA-Z EGFR:1907 , 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 , 125 I-PIB-Z EGFR:1907 , and 125 I-PIB-(Z EGFR:1907 ) 2 ) using a 1:1 molar ratio of Affibody molecule to EGFR receptor for 1 h at 37°C. For blocking experiments, a 100-fold excess of unlabeled Affibody molecule was added 5 min before the addition of radiolabeled ones. All assays were performed in triplicate.
To study the cellular retention of radioactivity after interrupted incubation of radiolabeled Affibody molecules, cultured A431 cells were incubated for 2 h at 37°C with 111 In-Bz-DTPA-Z EGFR:1907 , 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 , 125 I-PIB-Z EGFR:1907 , and 125 I-PIB-(Z EGFR:1907 ) 2 . The Petri dishes were subsequently washed 6 times with cold serum-free culture medium, fresh complete medium was added, and the cells were incubated at 37°C. At predetermined times, incubation medium was collected from 3 culture dishes; cells were washed 6 times with a serum-free medium and detached by trypsin treatment. The radioactivity associated with the cells and the culture medium was measured. The fraction of the cell-associated radioactivity was analyzed as a function of time.
Biodistribution in Tumor-Bearing Mice
The animal experiments were planned and performed in accordance with Swedish legislation on laboratory animals' protection, and the study plans were approved by the local Ethics Committee for Animal Research in Uppsala. In all experiments on tumor-bearing mice, female outbreed BALB/c nu/nu mice were used. Xenografts of the EGFR-expressing A431 cervical carcinoma cell line were established by subcutaneous injection of 10 7 cells implanted on the hind leg, and the tumors were grown for 10-14 d before the experiment. At the time of biodistribution, the average tumor size was 0.20 6 0.11 g.
The mice were randomized into groups of 4. Two groups of mice were injected intravenously with 100 mL of phosphatebuffered saline solution containing a mixture of 111 In-Bz-DTPA-Z EGFR:1907 (20 kBq) and 125 I-PIB-Z EGFR:1907 (60 kBq). Two groups of mice were injected intravenously with 100 mL of phosphate-buffered saline solution containing a mixture of 111 InBz-DTPA-(Z EGFR:1907 ) 2 (20 kBq) and 125 I-PIB-(Z EGFR:1907 ) 2 (60 kBq). Non-EGFR-binding Affibody molecules were used as negative controls, in which 1 group was injected with a mixture of 111 In-Bz-DTPA-Z Taq (20 kBq) and 125 I-PIB-Z Taq (60 kBq) and another with a mixture of 111 In-Bz-DTPA-(Z Ab ) 2 (20 kBq) and 125 I-PIB-(Z Ab ) 2 (60 kBq). The amount of protein injected was adjusted with nonlabeled Affibody molecules to provide an injection of 3 mg of protein per mouse. The mice were sacrificed by exsanguination via heart puncture after a lethal injection of ketamine (Ketalar; Pfizer) (50 mg/mL) and xylazine (Rompun; Bayer) (20 mg/mL). Biodistribution of radioactivity after injection of radiolabeled Z EGFR:1907 and (Z EGFR:1907 ) 2 was measured at 4 and 24 h after injection. Animals in the negative control groups (radiolabeled Z Taq and (Z Ab ) 2 ) were sacrificed 4 h after injection. The organs were excised and weighed, and their radioactivity content was measured in a g-counter. The use of g-spectroscopy enabled the biodistribution measurement of 111 In and 125 I in each animal independently. Radioactivity uptake was calculated as percentage of injected activity per gram of tissue (%IA/g).
To evaluate if a saturation of EGFR in the liver can improve the tumor imaging, the biodistribution of 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 and 111 In-Bz-DTPA-Z EGFR:1907 was additionally studied at 4 and 24 h after an injection of 50 mg of each conjugate.
g-Camera Imaging
To obtain a visual confirmation of biodistribution results, g-camera imaging of A431 xenografts was performed using the conjugates providing the best tumor-to-blood ratios. One mouse was injected with 111 In-Bz-DTPA-Z EGFR:1907 
Simultaneous imaging was performed using a Millennium g-camera (GE Healthcare) equipped with a medium-energy general-purpose collimator. The scintigraphic results were evaluated visually and analyzed quantitatively using Hermes software (Nuclear Diagnostics). Quantitative analysis was performed by drawing equal regions of interest over the tumor and the contralateral thigh. Tumor-to-nontumor ratios were calculated on the basis of average count per pixel in a region of interest.
RESULTS
Production and Characterization of the Affibody Molecules
The Z EGFR:1907 (8.1 kDa) and (Z EGFR:1907 ) 2 (14.6 kDa) Affibody molecules were produced in E. coli and purified using IMAC. HPLC-MS analyses confirmed purity and correct molecular masses. The chromatograms are presented in the supplemental figures. Deconvolution of massspectrometry data suggested a molecular weight of 8,052. The Z EGFR:1907 was found to be specific for EGFR in biosensor and dot-blot analysis, because no cross-reactivity was observed for other members of the EGFR family or 16 other serum proteins (23) .
Affinity measurements were performed both with biosensor analysis using Biacore and with a flow cytometrymediated cell-binding assay (as described earlier for the monomeric Z EGFR:1907 , by Friedman et al. (23) (Fig. 1A) . Different concentrations of fluorophore-labeled Z EGFR:1907 and (Z EGFR:1907 ) 2 were allowed to bind A431 cells and were then analyzed by flow cytometry. Thereafter, the K D was estimated from equilibrium-binding curves of mean fluorescence intensities: K D 5 2.8 6 0.1 nM for Z EGFR:1907 (Fig. 1B ) and 1.6 6 0.1 nM for (Z EGFR:1907 ) 2 (Fig. 1C) . The K D values for the monomer were thus concordant using the 2 methods for affinity determination. The K D for the dimer was twice better than that of the monomer.
Cell-Binding and Retention Studies
The binding of all variants of radiolabeled EGFRspecific Affibody molecules ( 111 In-Bz-DTPA-Z EGFR:1907 , 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 , 125 I-PIB-Z EGFR:1907 , and 125 I-PIB-(Z EGFR:1907 ) 2 ) to EGFR-expressing A431 cells was significantly (P , 0.0001) reduced when cells were incubated in advance with a large excess of nonlabeled counterpart. This demonstrated that the binding could be saturated, which is evidence of the EGFR-specific binding.
Cellular retention of radiolabeled Affibody molecules is presented in Figure 2 . Unfortunately, the conventional methods for removal of membrane-bound radioactivity (acid wash, displacement with nonlabeled tracer) were inefficient for Affibody dimer. For this reason, a direct assessment of internalized radioactivity was not possible, and the influence of internalization on retention of radioactivity was deduced. The cellular retention of dimeric forms was better than that for monomeric ones, independent of the label type ( 111 In-Bz-DTPA or 125 I-PIB). The residualizing 111 In label provided somewhat better cellular retention in comparison with nonresidualizing radioiodine label.
Biodistribution in Tumor-Bearing Mice
The biodistribution data and the results of their statistical treatment are presented in Tables 1 and 2 . The common feature of all conjugates, both EGFR-specific and negative control, was a rapid blood clearance (less than 2 percentage injected dose per gram in blood 4 h after injection) and predominantly renal excretion of the radioactivity with subsequent reabsorption in kidneys. At the same time, there were significant differences in the biodistribution of conjugates. Thus, at 4 h after injection the tumor uptake of all specific conjugates was appreciably and significantly higher than the uptake of control non-EGFR-specific Affibody molecules that had been labeled in the same way. This is evidence of the in vivo specificity of tumor accumulation. The uptake of EGFR-specific conjugates was also significantly higher in organs and tissues with normal physiologic expression of EGFR, such as the liver, spleen, and gastrointestinal tract, which demonstrated the reactivity of the Affibody molecules with murine EGFR.
The radioactivity concentration of 111 In was generally higher than that of 125 I in normal organs and tissues. The most prominent difference was in the kidneys, in which the 111 In radioactivity was 21-fold higher for monomeric and more than 7-fold for dimeric forms at 4 h after injection. Twenty-four hours after injection, the 125 I radioactivity was nearly completely cleared from the kidneys (,1 percentage injected dose per gram), whereas the indium radioactivity was retained. Indium-labeled monomer accumulated to a lesser extent than did the dimer in the liver, spleen, and gastrointestinal tract, but the uptake in the kidneys was higher.
At 4 h after injection, tumor uptake of the monomeric form was higher than that of the dimeric form for both labels. Furthermore, the tumor uptake was higher for 111 Inlabeled monomer than for 125 I-labeled monomer. Also at 24 h after injection, the use of 111 In provided higher tumor radioactivity concentration than did 125 I for both the monomer and the dimer. Tumor-to-organ ratios were generally better for a monomeric form (Fig. 3) . The best tumor-toorgan ratios (except for tumor-to-kidney ratio) were provided by 111 In-Bz-DTPA-Z EGFR:1907 (24 h after injection).
The increase of the amount of injected conjugate from 3 to 50 mg had a pronounced influence on the biodistribution of both 111 In-Bz-DTPA-Z EGFR:1907 and 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 (Table 3) . Hepatic uptake was significantly reduced for both conjugates because of saturation of EGFR in the liver. At the same time, the renal excretion of conjugates increased, resulting in elevated reabsorption of radioactivity in kidneys. The radioactivity concentration in blood and several other tissues was lower for both monomer and dimer after an injection of 50 mg. The influence of injected amount on tumor uptake of 111 In-Bz-DTPA-Z EGFR:1907 and 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 was different. The tumor uptake of monomer decreased somewhat at 4 h after injection, indicating partial blocking of EGFR also in xenografts. The tumor uptake of dimer increased, probably because of the increased bioavailability of the conjugate. However, the tumor-to-organ ratios were higher for monomeric 111 InBz-DTPA-Z EGFR:1907 also at this protein dose level (Figs.  3C and 3D ).
g-Camera Imaging g-Camera imaging, performed at 24 h after injection, confirmed the results of the biodistribution experiments. The most prominent site of radioactivity accumulation for both 111 In-Bz-DTPA-Z EGFR:1907 and 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 was the kidneys. The EGFR-expressing tumor xenografts were visualized using both conjugates. However, the use of 111 In-Bz-DTPA-Z EGFR:1907 provided better contrast in the images. Tumor-to-contralateral site ratios were 6.8 for 111 In-Bz-DTPA-Z EGFR:1907 and 3.2 for 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 .
DISCUSSION
The sensitivity of radionuclide imaging is determined by the contrast, that is, the ratio of radioactivity concentration in tumors and healthy tissues. This ratio depends on many characteristics of the targeting agent, such as binding strength, properties of the label during cellular processing, tumor localization rate, clearance from normal organs, and biologic properties of the target. An important parameter is the level of retention of radioactivity by the malignant cells, when a nonbound targeting agent is cleared from blood and healthy tissues. Retention depends, in turn, on the rate of dissociation of a tracer from target and on cellular processing of the tracer-target complex. Di-or multimerization of targeting proteins usually decreases the dissociation rate. In several examples, this enhanced tumor localization of the tracer has been shown to outweigh the negative effects of increased size on distribution and penetration (24, 28, 33, 34) . In this study, Biacore measurements demonstrated that dimerization substantially improved the off-rate of the Z EGFR:1907 (Fig. 1A) . The increased retention of the dimeric form was also seen in living cells during comparative evaluation of radiolabeled monomers and dimers in vitro (Fig. 2) .
The cellular processing of EGFR-specific Affibody molecules by malignant cells is another important issue to consider. Binding of the natural ligand (EGF) to EGFR causes rapid internalization, trafficking into lysosomes, and subsequent degradation of EGF. Lipophilic radiocatabolites can diffuse through lysosomal and cellular membranes and ''leak'' from the malignant cells, as, for example, in the case of radiohalogen labels (12, 35) . In the case of a radiometal label, bulky charged radiocatabolites of labeled EGF cannot penetrate membranes and remain trapped in the cell, resulting in favorable retention (12, 14, 36, 37) . However, a radiometal label does not offer improved tumor retention if the internalization into malignant cells is a slow clathrin-independent process (generally observed with antagonistic binders). On the contrary; the larger retention may even be a negative property because of high retention in the excretory organs, such as the liver and kidney (26) . In this case, a slow off-rate would provide better cellular retention of radioactivity and, consequently, better imaging contrast. In the current study, some differences in the in vitro cellular retention were observed between radioiodinated and radiometal-labeled conjugates (Fig. 2) . However, these differences were much smaller than in the case of radiolabeled EGF (12, 37) . These smaller differences indicate that the internalization of the Affibody molecule-EGFR complex in vitro is relatively slow both for monomers and for dimers. Increased cellular retention in the case of dimeric forms showed that a slow off-rate was important to retain a high level of cell-associated radioactivity. Thus, the results of in vitro studies were in favor of using the dimeric form.
In vivo biodistribution data after injection of 3 mg of conjugates (Tables 1 and 2 ), particularly the comparison with non-EGFR specific Affibody molecules, demonstrated that all conjugates bind in vivo to EGFR-overexpressing xenografts and normal EGFR-expressing tissues. Nonspecific conjugates cleared rapidly from all tissues and were reabsorbed in the kidneys. As expected, the renal retention of the residualizing indium label was higher than that of iodine. In the liver, spleen, and gastrointestinal tract, the uptake of EGFR-specific conjugates was significantly higher than the uptake of nonspecific tracers, suggesting receptor-mediated uptake. Moreover, these tissues demonstrated saturable uptake of 111 In-labeled EGF in earlier studies (38) . An elevated blood level of the specific conjugates, compared with nonspecific ones, may be attributed to tracers dissociating from EGFR-expressing tissues over time. However, the blood-borne radioactivity was to a high extent cleared 24 h after injection. The most interesting observation was the significantly higher tumor accumulation of monomeric Z EGFR:1907 in comparison with dimeric (Z EGFR:1907 ) 2 at 4 h after injection, for both labels. For this reason, tumor-to-organ ratios were generally higher for Z EGFR:1907 (Fig. 3) . Twenty-four hours after injection, the contrast was appreciably improved because of clearance from blood and nontumor compartments. The residualizing effect of radiometal was more pronounced in vivo than in vitro. Despite a better cellular retention of radioactivity for dimeric forms, the better tumor localization of the smaller monomer, together with high cellular retention of the radiometal label, resulted in 111 In-Bz-DTPA-Z EGFR:1907 providing the best tumor-to-organ ratios. A superior visualization of EGFR-expression in A431 by monomer, compared with dimer, was also confirmed in g-camera study (Fig. 4) . Clinical studies showed that EGFR expression in the liver might be a barrier in the targeting of EGFR-expressing tumors, and an increased amount of antibodies was required for efficient imaging (39) . This study demonstrated that an increase in the injected amount of Affibody molecules from 3 to 50 mg increased the tumor-to-organ ratios (except for the kidneys) (Fig. 3) . Saturation of the liver depot might reduce the amount of radiolabeled conjugates that dissociate from the liver and reenter the circulation. As the result, the radioactivity concentration in blood and other tissues did decrease after injection of 50 mg of conjugates (Table  3 ). The blocking effect of such an amount on the tumor uptake of 111 In-Bz-DTPA-Z EGFR:1907 was relatively small, and the tumor uptake of 111 In-Bz-DTPA-(Z EGFR:1907 ) 2 even increased, presumably because of better availability of conjugate. However, even at this dosage level (50 mg), 111 In-Bz-DTPA-Z EGFR:1907 was superior as an imaging agent, providing a tumor-to-blood ratio of 100 6 19 (24 h after injection). A possible limitation of 111 In-Bz-DTPA-Z EGFR:1907 is a high accumulation of radioactivity in the kidneys. This accumulation might complicate imaging of tumors in the vicinity of the kidneys because of reconstruction artifacts. This problem is also shared with many diagnostic radiometal-labeled peptides.
CONCLUSION
A radiometal-labeled monomeric form of Z EGFR:1907 is the preferable format of an EGFR-specific Affibody molecule for imaging and shows promise for clinical applications.
